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[SPECIFICATION] 

[TITLE OF THE INVENTION] 

LIQUID CRYSTAL DISPLAY DEVICE 

5 [BRIEF DESCRIPTION OF THE DRAWINGS] 

F I G s . 1 A a n d ID a r e c r oss section a 1. v i e w s showin q a c o r i v o ntioi i a 1 
liquid crystal display device with dual ECB mode . 

Flos. 2 A and 2B are cross sectional views showinq a 1 lquid crystal 
device according to the present invention. 
10 FIG. j- A shows a liquid crystal molecule of a cylinder type. 

FIG-. 3B shows a liquid crystal molecule cf a disc hype 
constituting an optical : ompensa t i ng plate. 

FIG. 4 snows a simulation result of a liquid crystal display 
device according to the present invention. 
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*BRIEF DESCRIPTION OF THE REFERENCE NUMERALS* 

10 : lower substrate 11 : pixel electrode 

12 : counter electrode 13, It : alignment layer 

: liquid crystal 17A, 17B : polarizing plate 

20 13 : optical conipensal in:; plate 

[DETAILED DESCRIPTION OF THE INVENTION] 
[FIELD AND BACKGROUND ART OT THE INVNETION] 

T ho ore so- n t. i r i v e n t. r :> n r e 1 a t e s t o a 1. i q u id crystal d i s f da y 
25 device, ind more particularly to a liquid crystal display device 
ha vi. rig lower and upper substrates disposed opposite to oarh • • t : r a , 
and a liquid crystal interposed between the lower and upper 




sub* st rates . 

General ly a liquid crystal display (LCD) devi ce has been mainly 
used for display device such as those Ly television ^nd graphic 
display. Particularly, a LCD device of active matrix type has a 

5 fast response time. Furthermore, since it is proper to a large 
number of pixels, it. is possible to realize 1 a display device having 
h 1 qh quality, large size urn col :■ r . 

It is very important • im •( a o -n • to distinguish the 
characteristics of liquid crystal display deuce-:, imong those 

10 conventional liquid crystal devices whether they 'Comprise a wide 
viewing angle and a symmetry of left ani right. Accordingly, to 
fulfill the need, those .related to tne art are devoting themselves 
to improve liquid crystal display devices having a wide viewing 
angle and symmetry of left and iignt viewing angles. 

15 To solve the problems, dual EC3 (Electrical I y Controlled 

Birefringence) mode LCD was proposed by Fujitsu Co. Ltd. 

As shown in FIG. 1A, the dual ECB mode LCD includes lower 
and upper substrates 1 and 2 disposed opposioe to. each other, a 
liquid crystal 3 interposed between the two substrates 1 and 2, 

20 and alignment layers la and 2a aligning the \ i qu Ld crystal in a 
predetermined direct ion. Preferably, the alignment layers la and 
2a are rcoreoot rop i c a 1 ionnont layers. To operate the- iiquid crystal , 
electrodes .ire formed on th" lower and upper substrates 1 and 2 
are formed, respect ively. When a voltage ic applied t.o the 

25 electrodes, a perpend i cula r 'O^cCocai field is ! ormed bet ween the 
e 1 est rode s . 

Hero, the alignment layers la and 2a are rubbed so that the 




liquid crystal existing on the center between the substrates 1 and 
2 is arranged obliquely, when a voltage is applied to the electrodes . 
The r u b b i n q is p e r f o r nr. e d b y p h o t o 1 i t h o q r a p h y or optical a 1 i g r\ m e n t. 
process so that the liquid crystal, has dual domain PI and 02 so 
5 as to improve characteristics of viewing angle. Here, tone domain 
in e a n s a q r o u p w h e re 1 1 quia crysta 1 m o 1 e cules are a r r a n q e :1 in o n e 
direct ion, and the dual dorr un means twc groups where. 1 liquid crystal 
molecules aligned in two directions. Owing to the dual domain PI 
and P/ , tne characteristics of t. ho viewing angle is improved. 

10 In this FCP mcde LCD, as shown in FIG. 1A, when a voltage is 

n o t a p p 1 i e d t o t h e e I. ectrodes, the a r r a n g e m e n t c > f 1: n e 1 i quic c r y s t a 1 
molecules is homeot r c pi c: . As a result, a dark state exists oecaase 
it. c i. cent light does not. pass through the liquid crystal. 

On the other hand, when a voltoqe is applied to the e.l ectrodes, 

15 deccn.c field which is perpendicular to the substrates 1 una 1 2 
is formed. At this t— me, as shown in FIG. 1, t no arrangement, of 
the li.quici crystal molecules exist. in g on the substrate is 
h ome oo ropi c . Furthermore, the' liquid crystal molecules existing 
on tne (center of the substrate are deviated by a selected angle 

20 relative to the substrate and the deviated molecules are 

symme t r i ::a 1 . Tne alignment layers, la and 2 a are rubbed oo as to 
form ciu al. domains 'diereui. As a rosul t. , a brightness state exists 
oecaj. -so incident light passes thr nigh the; liquid crystal, and the 
s h a r =: o t o r i s t i cs of the viewing angle is improved. 

25 Although root, shown in the drawings, polarising plates are 

disposed on the outsiders of the substrates 1 and 2. 
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[OBJECTS OF THE INVENTION] 

However, 1 n the above described ECB mode LCD, the rubbing process 
m 1.1 s 1 b e p e r f o r me d t w c t. i me s f o r f o r m i n q the dual domain. As a r e s u 1 t , 
there are problems in that, a process is complex and a device is 
5 b r < > k e n d u ring the r u b b i n g p r c ..» <; : e s s . 

Furthermore, when a voltage is not applied to the electrodes 
sine*) the arrangement of the . iquid crystal molecules is 
homeof r oo i c , in case they are rod type which has a different. Long 
and short; axes, there is a light leakage from side views. 
10 Accordingly, it is one object, of the present invention to 

provide a liguid crystal displ ay device which can operate the liquid 
crvstai molecules t a be arranged symmetrical, without any 
acf si. t ional rubbing process i or formi ng domains . 

It is still another object of the present .invention to provide 
15 a liguid crystal display device which can establish a complete dark 
st.ite at all. the siies of view when a voltage is not applie:! to 
the device . 

[CONSTITUTION AND OPERATION OF THE INVENTION] 

20 To accomplish the object: s of the present invention, a liguid 

srystal display :iov.i. ce includes : upper and lower substrates 
cli itosod opposite to ea f di other; a liguid crystal layer interposed 
between t he upper art: ! coo o subs 4 rodeo; pixel and o- unite r* 
• • ! • • • ' r- •• r s lorme:! on trie- 1 owe : subs* rate for e.porut i ng liquid 

25 crystal, molecules of the liquid -rystal layer in t.he f.orrnof el lipse, 
the pixel and counter electrodes b'dng si)aced each other; al ignment 
layers formed respectively on the opposite surfaces of the- lower 



and upper substrates; upper and lower polarizing plates arranged 
on the outside of the upper ^nd lower substrates, the upper and 
lower p o 1 a r i z i n q pi a t e s p o 1 a r 1 ?. 1 n q light in o n e i ire c t i o n ; a n d a n 
optical compensating plate interpose 1 between the upper subs trite 
and upper pc 1 a ri omg plat • • , the optical cc rr-pens a t : nc pi ate inducing 
for trio liquid crystal molecules to have an i sot ropy property. 

Pi.; r t h e r m- :> re, t h - [:) o-. e n t i n v e n t. i o n L n c 1 u d e s : u p p e r a no 1 o v; e r 
suDStnce.) drspo)sed opqo.c :■ :i t;e to < ui co otner; liquid oystai layer 
i n t erposed between the upper ami lower substrates, the liquid 
cry st Eil layer having a p^cutrve dielectric anisotropy; pi xo \ and 
counter eLectrodes formed on the: lower subetrate for operating 
liquid crystal molecules of the* liquid crystal layer in the; form 
of ell qose, tne pixel an :: counter e 1 ec t rodes b o : o spaced each 
ooner; h jraeot rop i c alignment layers formed respect i"el y on tne 
opposite surfaces of the lower are:! upper substrates; upper -one 1 lower 
po> la r i s ing plates aierangecl :>n the o it side of the uppt-rr and lower 
o;ostrutes and : c da r : v. i n \ light in one iirection; and an optical 
o ;aipen OK. Lnq p late interposed be- two en the upper substrate and upper 
polariounq plate, the optucal compensating plate inducing for the 
liquid crystal mclecule; to have an isotrepy p roperty. 

According ' : toe p : * • s ♦ • n t 1 uvoo: i on , the liquid crystal 
molecules are or ranged to- be s yrnme t r i ca .1. oy tnhe el. lipt i cel. p1 o dor 
f i -o I d v: : t tout two t iocs rubfc ..ng process. Thus tlie cha ru c toro-O. i os 
0! viowir.q upojl- 1 is greed ly in. proved. 

Moreover, one optical compensat. no plate is di soused on oho 
outside of the upper substrate, so that a complete dark stat e exists 
when a voltage is not applied to the electrodes . Accordingly, 




contrast ratio of t.he liquid crystal display device is improved. 
[EMBODIMENT] 

Hereinafter, preferred embodiment of this invention will be 
5 explained in detail with reference to the accompanying drawings. 

FIGs. 2 A and 2B are cross sectional views showing a liquid 
crystal device according to the present invention. FIG. 3 A shows 
a liquid c r y s t a 1 mo : e c u 1 e o f c y 1 i n c i e r type. F I G . I- B s hows a 1 i q a i d 
:rystai molecule of disc type constituting an optical compensa t. ing 
10 plate. FIG. 4 is a simulation result of trie liquid crystal dispLay 
■ :\ e vice a c cor d ing t o t h i s i n v e n 1 1 o n . 

Referring to Fig. 2A, configuration of the liquid erystal 
d iip Lay device iccordi ng to the present invention will be 
expl amed . 

15 A lower subet rate 10 is disposed opposite to an upper substrate 

15. To form electric field being parallel to the plane- of tne 
substrate and elliptic electric field, a pixel electrode 11 ond 
e a a j n t e r e.l e c t r xi o 12 are f o r me d t o b e s p a : e d o n t h e 1 o we r e u b s t r e t. e 
10. Here, the pixel and counter electrodes 11 and 12 are made of 

20 opaque materials, such as aluminum and ehromium. Although not 
ehown in the drawings, or: t.he uj:p^r substrate 15 are formed a so lor 
filter and a b 1 a : k mail i x , and e. n the 1 ower subs 1 1 at;e 10 are formed 
a uate 1 :::••, a lata line, and a thin film tranorO o r . 

A Liquid crystal 14 is i ntoerp'<sod between the lower and upper 

2o substtoifes 1 - i and 10. L :) r ef o r aid y , the? ..iquici crystal 14 has a 
positive dielectric an 1 sot, ropy. it is arranged so that it is 
parallel to electric field when a vol fa g < - is applied to the 
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electrodes. Furthermore, the liquid crystal 14 may contain a 
chiraL dopant. of twist characteristics. The chiral dopant is 
■ :: o m p o u n d o d s o that d / p rati o b e c o m e s a q uarter wher e i n d / p r a t i o 
means a cell gap ratio to trie entire twist period. 
5 Alignment layers 13 and 16 are provided to the opposite 

surfaces of the lower and upper substrates 1 0 and 15. The alignment 
layers 1;' and It arrange the liquid crystal molecules in a 
p r ■ vie te rm i ned direction, when a vol cage is not. applied to the 
e 1 e c t r o d e s . The align me n t 1 a y e r s 1 3 a n d 16 are h omeo : r o p i c 

10 alignment layers. Owing to the homeotropic alignment layers, the 
1 i q u i d c r y s t a 1 molecules a r e a r r a n g e d to b e per p end! c u . L <i r to t h e 
plane of the substrate;'. 10 and 15, when a voltage is not applied 
t o t he e 1 ec t ro jes . 

U p p o r a n d 1 o w e r p o 1 a r i z i. n g p 1. a t e s 1 7 A and 1 B for p o 1 a r i z i n g 

15 incident light are arrangea respectively on the outsides of tne 
lower" and upper substrates 10 and 15. Herein, the polarization axes 
:> f the upper and lower polarizing plates 17A and 17B are orthogonal 
to each other. P r e :: e r a b 1 y , the pola r i za t ion axis of the- lower 
p o 1 a r i z i n g p la: e 1 7 B a it ci t h e e 1 e c t r i c f . e 1 d which w i 1 1 be f o r me d 

20 o e t w e en t h e p i x e 1 e 1 e c t r o d e 11 and the c o u n ter electr o c e ".. 2 , h a v e 
4 5 s • ; r ee . 

An op ci ('at eo mpensu t i rog pic: to 13 i s interposed between t ne 
..pi -o r subst. ra t, e ;5 and t h e upper pu 1 a r izi.ng plate: 1 17B. Tne opt i ca \ 
:o:iipo:i;-;at' i nq plate L 8 is made of ^ i i qu oi crystal film cureci, to 
25 prevent. s l.iqht leakage cue to homeot r op i c arrangement of the 1 : : j u : c 
crystal molecules 14 A of a cylinder type. Here, the height nz of 
the cylinder type liquid crystal molecule is longer in length than 



its radii nx and ny. (refer to FIG. 3A) . That is to say, the optical 
compensating plate 18 is formed by curing a liquid crystal molecules 
1 8A of a disc type. Here, the height nz of a disc type liquid crystal 
molecule is shorter in length than its radii nx and ny i refer to 
KIG. o5 • , so that this induces for the liquid crystal molecules 

I 4 A of t h e c y 1 i n d e r t y p e t o h a v e a n i s o t r o p y p r o p ert. y , i.e. s p h e r i c a 1 
shap e . 

In the l.i quiil crystal display dec 7 ice a s the' above? described, 
When a voltage is not applied to the pixel and ceanter electrodes 

II and 12, as shown in FIG. 2A, owing to the homeotropic alignment 
layers 1.3 and 16 formed on the substrates 10 and 15, the liquid 
crystal molecules, of the liquid crystal 14 are arranged to be 
pe rpendi cub. r to the substrate. As a result, a shark state exists 
because incident light which has been linearly polarized at the 
lower polarizing plate 17B does not pass through the upper 
polarizing plate 173. At this time, phases of tne liquid crystal 
molecules 14 A are compensated by the optical compensating film 18, 
so that the complet. e da x k state exists at a') 1 sides of views. 

On the ether hand, when a voltage is appliec. to the pixel an:l 
tne counter electrodes 11 and \2 f as shown i. n FIG. 7B , parallel 
and ell lot ic electric fie: d s are \ ormed bet.oeon the pixel and 
counter -.dec: rodes 11 and 17. The pa r a .1 ... e i oKct r;c i rolci is formed 
a close- to the lower subst r a e 1 7 and the e 1 lint ic e i eetr roc f i e 1 :1 
ic formed as close to the upper substrate 15. The liquid crystal 
molecule's 1 4A are arranged t.o be parallel to the electric field. 

Therefore, the liquid crystal molecules 14A existing on the 
center between the pixel and counter electrodes 11 and 17 are 




arranged to tie perpendicular to the substrate because they are less 
affected by the electric field, and the liquid crystal molecules 
1 <1 A are a rranged t o b e s ymme t r ical by t. h c pa r a 1 1 e 1 a n d e 1 1 i p t i o 
electric fields. That is to say, the liquid crystal rncjlocul.es 14 A 

5 are arranged to be symmetrical as dual domain is formed, without 
any additional rufching process. The liquid crystal molecules 1<1A 
are operat.ea by an p r ede t: e rmi ned angle by the pa ral lei and el 1 ipt Lc 
electric fie la and a orightnoss state exists bee a use incident ligfc 
w h 1 c h h a s been 1 mearl y p < ) 1 a r i z e d at the 1 o w e r p < c 1 a r i z i n g p 1 a t e 

10 17B passes through the upper polarizing plate 17E. Finally, the 
:haract e r i s t i c s o f v i ewmg a n g 1 e o f t h e 1 1 q u i d c r y s t.. a 1 d i. s p 1 a y 
device is imp-roved, owing to the symmetrical arrangement of the 
1 L qu id sryscaL molecules 1 4 A . Furthermore , it ic possible to 
symmetrically arrange the liquid crystal molecules 1 A A without two 

15 times of rubbing process. 

FIG. 1 is a simulation result of the Liquid crystal display 
■device as described above. Under the influence of elliptic and 
parallel e: ectrica L fields, the Liquid crystal molecules la 1 A set 
on the center of pixel and counter electrodes 11 ana 12 are arranged 

20 to be syrr.me t r i ca 1 . Accordingly, the characteristics ol viewing 
angle ano t ro- ; n smi 1 1 a rice arc improved as shown in i-tKi . -I . 

[EFFECT OF THE INENTION] 

Aoco rding to this invention as described above , t.he pixel and 
25 counter electrodes are spaseoi eacsh other on the lower: of substrate 
so as to farm an elliptical electric field therebetween . Therefore, 
when a voltage is applied to the electrodes, the liquid crystal 



molecules are arranged to be symmetrical . Thus the characteristics 
of viewing angle is greatly improved . 

M o reover, t h e o p tical c o mp e n s a 1 1 n g p 1 a t e 1 s c lisp o s e ci o n t h e 
outside of the upper substrate, so that a complete dark state exist 
when a volt, age is not applied to the electrodes. Accordingly, 
contrast ratio oi the liquid crystal display device is improved. 

W r 1 1 1 e s p e c i f ic e m b odiment of t h e mventi o n ha s b een d e s c: r i b e d 
in considerable detail, variations and modifications of ohese 
embodiments can be effected without, departing from the spirit and 
scope of the invention as described and claimed. 
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What is claimed is : 

L . A 1 1 q u i. d crysta 1 d i s p 1 a y d e v i c e c o mp r lsing: 

u p p e r a n d I o w e r s u b s t r a t e s d i s p o s e d o p p osit e t o e a c h o ther; 
5 a liquid crystal Layer interposed between the upper and lower; 

substrates; 

pixel and counter electrodes formed on the lower sut)ctrate 
for operating liquid crystal, molecules or the 11 quid crystal layer 
l n to 1 ) e f o r m o f ellipse, the pi x el an d c o u n t e r e 1 e c t r o d e s be i n g s p a c e d 
10 each o t h e r ; 

alignment layers formed respectively on the opposite surfaces 
o 1 t h e 1 o w e r a n a u p p e r s u b s t r a t e s ; 

u p- p e r a n ci 1 < o v; e r polarizmq p 1. a t e s a r range d c n the o u t c i cl o f 
t h e u p) p e r a n d 1 c w e r s u b s t r a t e s , t n e u p p e i: and 1 o w e r p c L a r i z r n g 
15 plates, polarizing light rn one direction; and 

an optical compensating plate interpose 1 between the? upper 
substrate and upper polarizing plate, the optical compensating 
p 1 a t e inducing for the liquid crystal molecules to have an i sot ropy 
propert y . 

20 

2 . The liquid c r ysta 1 ci 1 s o 1. a y d e v i. c e a c c o r ;:i i n g t o c 1 a i rn 1 , 
wherein the 1 lqui d crystal has a pec; i t : iieloetric ani soti o|n ; . 



j . T h ^ 1 i q u i d < ' r c s t a 1 d i s p 1 a y i e v i c o a ( ■ c o r ■ i i n ■ ; t o c L a i m 2 f w h e r e .i 
25 the i rquid crystal contains a chiral dopant . 



4 . The liquid crysta i display device according to claim J, wherein 
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the d/p ratio of the liquid crystal is quarter, the d/p ratio being 
meant by ratio of a cell gap to a twist period of the liquid crystal. 



b. The liquid crystal display device according to either one of 
claim 1 or 2, wherein tdie a; iqnnont layers are homco tropic alignment 
1 a y e r s w h i c h arran g e p e r p e n c .Iciiiarl y t: he .1 i q u id c r y s t a 1 m o i. e c u 1 e s 
to t ho- aid s t : i tes . 



6 . T h e 1 1 q u i d c r y s t a 1 d i s p 1 a v (device a c c o r d i n g to claim 1 , w h e rem 
the optical compensating plate is a cured liquid crystal film of 
a disc type whose height is shorter in length than its radius. 



7. The liquid crystal display device according to claim 1, whore-in 
the u p p e r a n d 1 c: w e r p clarizing plates a re arran g e d s o t h a t t. heir 
polarization ax-os are orthogonal to each other, a: i the angle 
between polarization axis of the lower polarizing olate and 
electric; field which is formed with pixel electrode and counter 
e 1. ectroie, is 1 b d e q re- . 



8. A 1 :.guid crystal display device comprising: 

upper and mo/or substrates disposed opposite t o ^ach other; 

sunsfrafes, the iiqaid crystal hav ir.q a t '.site;* 1 1: "l iW Tr:c 
an i sot r spy ; 

pixel and c c > u r i 1.. e r o 1 < > c t r o d o s f o r m e o on t h e 1 o w e r substrata- 
f o r operating 1 1 q u i d c r y s t a 1 m o 1 e c u 1 e s o f ' : i > • : i q u i d c : r y s t a 1 la y e r 
in the form of ellipse, the pixel and counter electrodes being spaced 

13 




each other; 

homeo tropic: alignment layers formed respectively on the 
opposite surfaces of the lower and upper s ubs t r a fe s ; 

upper and lower polarizing plates arranged on the outside c 
5 che upper and lower substrates and polarizing light, in one 
direction; and 

a n o p 1 1 c a 1. c o m p e n s a tin g p 1 a t e i n t e r p o sod b * d . w e en the up p c 
substrate and upper polarizing plate, t \ .< ■ option; conip<uisa t in-, 
plate inducing lor the liquid crystal molecules to has an isotrop 
10 property. 
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[ABSTRACT] 

Disclosed is a liquid crystal display device having two 
substrates disposed opposite to each other and a liquid crystal 
interposed between the two substrates. 
5 T h e 1 i q u i d c r y s t a .1 d i s p 1 a y d e v i c e of this invention in c 1 u d e s : 

upper 3 n d lower s u b s t r a t e s d i s p o s e d o p p o s 1 1 e t o ea;:h o t h e r ; a 1 i q u i d 
crystal layer ot positive dielectric anis:»t ropy i n te rposed bet ween 
the- upper' and 1 ower substrates; pixel and sount.er -lecLrodes formed 
on the lower substrate for' operating liquid crystal molecules of 

10 the liquid crystal layer in the form of ellipse, the pixel unci 
ccunter electrodes being spaced each other; homee-tropi : alignment 
Layers; formed respectively on the opposite surfaces of the lower 
and upper substrates; upper and lower polarizunu plates arranged 
on the outside of the upper and lower substrates, the upper and 

15 lower polarising plates polarizing light in cone direction; and an 
optical compensating plate being interposed between the upper 
substrate and upper polarizing plate, the optical compensating 
pi ate inducing for the 1 iquid crystal molecules to have an isotropy 
pr ope r t: y . 

20 [ SELECTED DRAWING] 
FIG. 2 B 
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